General introduction {#sec1}
====================

Osteonecrosis of the femoral head (ONFH), previously also called ischaemic necrosis of the femoral head, mainly affects younger patients. An evidence-based standardized treatment regimen is very important. "Expert Advice on the Diagnosis and Treatment of Osteonecrosis of the Femoral Head (2007 version) \[[@bib1]\]", "Chinese Experts\' Consensus on the Diagnosis and Treatment of Osteonecrosis of the Femoral Head in Adults (2012 version) \[[@bib2]\]", and "Chinese Guideline for the Diagnosis and Treatment of Femoral Head Necrosis in Adults (2016 version) \[[@bib3]\]" were formulated based on evidence-based medicine and the opinion of a large number of professional specialists and orthopaedists in the discipline. These guidelines have promoted the standardization of classification and improvement in the diagnosis and selection of treatment procedures for patients with ONFH. However, there are still deficiencies in the understanding of staging and the choice of diagnostic and treatment methods. In May 2019, based on the 2016 version guideline \[[@bib3]\], professional specialists, scholars, and orthopaedists from Europe, Asia, America, and China jointly develop new guidelines for further standardized and effective clinical diagnosis and treatment of adults with ONFH. New advances in the epidemiology, aetiology, pathophysiology, imaging, diagnosis, and treatment of ONFH have been renewed in this revision.

Inclusion criteria of the references {#sec2}
====================================

An extensive literature search was conducted based on the Medline database at the PubMed and China Knowledge Resource Integrated database. Considering an advanced established guideline based on the 2016 version, the recent studies up to November 2019 were included, and the studies lacking evidence-based medicine support, i.e., published in non-journal citation reports (JCR) journals, were excluded in the current guideline version.

Overview {#sec3}
========

(1)Definition: ONFH is a disease in which local death of osteocytes and the component of the bone marrow occurs owing to venous stasis or arterial blood supply damage or interruption in the femoral head; the subsequent repair process attempts to heal the necrotic area, but structural deterioration and collapse of the femoral head causes pain and dysfunction of the hip joint \[[@bib2],[@bib4], [@bib5], [@bib6], [@bib7], [@bib8], [@bib9], [@bib10], [@bib11]\].(2)Epidemiology: To date, there is no epidemiological report on ONFH worldwide, although some countries have screened their osteonecrosis population. An estimated 20,000 new cases of osteonecrosis are diagnosed in the United States each year, and the cumulative number of patients with ONFH is 300,000 to 600,000 \[[@bib12]\]. In recent years, approximately 12,000--24,000 new cases of osteonecrosis were diagnosed in Japan. In South Korea, the prevalence rate was 20.53 per 100,000 people in 2002; however, in 2006, this number reached 37.96, and the estimated number of new cases reached 14,103 per year on average \[[@bib13]\]. The first large-scale epidemiological survey of nontraumatic osteonecrosis in China showed that the estimated cumulative number of patients with nontraumatic ONFH reached 8.12 million; the prevalence rate was significantly higher in men (1.02%) than in women (0.51%); the prevalence rate was higher in northern residents (0.85%) than in southern residents (0.61%) and higher in urban residents than in rural residents. Glucocorticoids, alcohol, high blood lipid level, obesity, certain occupations (e.g., diving), smoking, and diabetes are all high-risk factors for nontraumatic osteonecrosis \[[@bib14],[@bib15]\].(3)Aetiology and high-risk populations: ONFH can be divided into two major categories: traumatic and nontraumatic. The main aetiological factors for traumatic ONFH include femoral head and neck fracture, acetabular fracture, hip dislocation, and severe hip sprain or contusion (no fracture, with intraarticular haematoma) \[[@bib16], [@bib17], [@bib18], [@bib19], [@bib20], [@bib21]\]. The main causes of nontraumatic ONFH in China are use of corticosteroids, chronic alcohol overconsumption, decompression sickness, haemoglobin diseases (sickle cell anaemia, sickle cell-haemoglobin C disease, thalassaemia, sickle cell trait, and so on), autoimmune diseases, and idiopathic diseases \[[@bib6],[@bib15],[@bib22], [@bib23], [@bib24], [@bib25]\]. Smoking and obesity increase the risk of ONFH \[[@bib26],[@bib27]\] and are considered to be correlated with ONFH \[[@bib28], [@bib29], [@bib30]\].

Diagnostic criteria {#sec4}
===================

Diagnostic criteria have been developed as per the "Chinese Experts\' Consensus on the Diagnosis and Treatment of Osteonecrosis of the Femoral Head in Adults(2012 version)" \[[@bib2]\], the "Chinese Guideline for the Diagnosis and Treatment of Femoral Head Necrosis in Adults (2016 version) \[[@bib3]\]", and the International Diagnostic Criteria for Osteonecrosis of the Femoral Head \[[@bib4],[@bib6]\].(1)Clinical features: Pain is primarily localized in the hip, buttock, or groin area, occasionally accompanied by knee pain and limited hip internal rotation. Patients often have a history of hip trauma, corticosteroid usage, or alcoholism or have a high-risk occupational history, such as being a diver \[[@bib6],[@bib14],[@bib15],[@bib23]\].(2)Magnetic resonance imaging: Magnetic resonance imaging (MRI) examination has a high sensitivity for ONFH \[[@bib31], [@bib32], [@bib33], [@bib34]\], demonstrated as a limited subchondral linear-shaped low signal intensity in T1-weighted images (T1WIs) or a "double-line sign" in T2-weighted images (T2WIs) \[[@bib32],[@bib35],[@bib36]\].(3)X-ray imaging: Anteroposterior and frog-leg positioning are the basic X-ray positions used for diagnosis of ONFH, and the X-ray manifestations are typically osteosclerosis, cystic change, and a "crescent sign" \[[@bib37]\] in earlier stages. After collapse, there is a loss of sphericity of the femoral head and degenerative arthritis in the late stages.(4)Computed tomography scanning: Computed tomography (CT) scanning usually reveals zones of osteosclerosis surrounding the necrotic bone and repaired bone or shows subchondral bone fracture \[[@bib38], [@bib39], [@bib40]\].(5)Radionuclide examination: An acute-phase bone scan of the femoral head (^99^Tc^m^-MDP (Methylene Diphosphonate), ^99^Tc^m^-DPD (Dicarboxypropane Diphosphonate), and so on) can reveal cold areas; scanning during the necrosis repair period demonstrates a cold area in the middle of a hot area, in other words a "donut-like" change (cold in hot) \[[@bib41]\]. Radionuclide examination has less specificity than MRI, but has the advantage to detect multifocal osteonecrosis (other sites than the hip). Single-photon emission computed tomography may increase the sensitivity of radionuclide examination for diagnosis of ONFH \[[@bib42],[@bib43]\]. Positron emission tomography may detect signs of ONFH earlier than MRI and single-photon emission computed tomography and can predict progression of ONFH \[[@bib44]\].(6)Bone biopsy and pathological manifestations: Pathological morphology is divided into three phases: the early phase of blood supply changes, the midphase of blood supply changes, and the late phase of blood supply changes. During the early phase of blood supply changes, the blood supply to the epiphysis is blocked; some cells show signs of necrosis, the proportion of empty lacunae in trabecular bone is more than 50%, a number of adjacent trabecular bones are involved, and a portion of the bone marrow is necrotic \[[@bib45]\]. Stimulated by ONFH risk factors, bone marrow stem cells gradually differentiated into hypertrophic fat cells. The diameter of the marrow fat cells increases by more than 10-μm hypertrophy of the fat cell \[[@bib46]\]. Small veins exhibit thrombosis, larger veins are dilated, venous sinuses are congested, the interstitial space shows oedema, and venous stasis and high pressure in the bone develops owing to poor venous return in digital subtraction angiography (DSA) ([Figure 1](#fig1){ref-type="fig"}).Figure 1Representative DSA imaging and micro-CT scanning of intraosseous vessels in the early phase of venous stasis (permission obtained from Guoshuang et al \[[@bib45]\] and Benjie \[[@bib47]\]). CT = computed tomography; DSA = digital subtraction angiography.Figure 1

During the midphase of blood supply changes, the venous thrombosis is further aggravated, and arteriovenous stenosis or arterial thrombosis occurs, resulting in insufficient blood supply to the arterial system and subsequent entry into an arterial ischaemic state. In this phase, subchondral bone fracture is observed, the necrotic area is enlarged, local cystic change is visible, part of the femoral head area is collapsed, necrotic bone tissue enters the main repair stage, and new blood vessels and new fibrotic tissue grow into the necrotic area to form granulation tissue ([Figure 2](#fig2){ref-type="fig"}).Figure 2Representative DSA imaging and micro-CT scanning of intraosseous vessels in the midphase of arterial ischaemic (permission obtained from Guoshuang et al \[[@bib45]\] and Benjie \[[@bib47]\]). CT = computed tomography; DSA = digital subtraction angiography.Figure 2

During the late phase of blood supply changes, arterial endothelial hyperplasia occurs, the arterial diameter decreases, and the loss of arterial structure is further aggravated, leading to complete arterial occlusion, which indicates osteoarthritis of the hip joint ([Figure 3](#fig3){ref-type="fig"}). Obstruction or interruption of blood flow in the arteries and veins occurs at the beginning of trauma in traumatic ONFH. This ischaemic state is manifested by pathologic and histological changes similar to those that occur in the midphase of blood supply changes which gradually occur and may develop into the late phase of blood supply changes \[[@bib45]\]. Biopsy was usually obtained when core decompression was performed using a large-diameter trephine. Actually, when MRI shows typical lesion, biopsy is not necessary.(7)Digital subtraction angiography: ONFH may manifest as stasis, damage, and interruption of blood supply to the femoral head, which have important guiding significance for preventing the occurrence of osteonecrosis after femoral neck fracture. In nontraumatic ONFH, venous stasis and blockage of blood return appear in the early phase, arterial ischaemia occurs in the midphase, and arterial occlusion develops in the late phase. After diagnosis of osteonecrosis is confirmed, DSA is recommended for patients undergoing hip preservation surgery to provide a basis for development of a surgical plan.Figure 3Representative DSA imaging and micro-CT scanning of intraosseous vessels in the late phase of arterial occlusion (permission obtained from Guoshuang et al \[[@bib45]\] and Benjie \[[@bib47]\]). CT = computed tomography; DSA = digital subtraction angiography.Figure 3

Meeting Criterion 1 and 2 can confirm diagnosis of femoral head necrosis; Criteria 3--7 are examination methods for auxiliary diagnosis and treatment.

Differential diagnosis {#sec5}
======================

Attention should be paid to patients with clinical symptoms, X-ray findings, or MRI findings similar to those exhibited in cases of ONFH.(1)Middle and late stages of hip osteoarthritis: When the joint space is narrowed and degeneration with subchondral cysts occurs, hip osteoarthritis is difficult to be distinguished from ONFH. However, the CT manifestations of ONFH are osteosclerosis and cystic degeneration, and the primary MRI change is low signal intensity, which can be used for differentiation.(2)Osteoarthritis secondary to acetabular dysplasia: X-ray imaging shows incomplete covering of the femoral head, a narrowed or absent joint space, osteosclerosis and cystic degeneration, and similar changes in the corresponding area of the acetabulum, which are easy to differentiate.(3)Ankylosing spondylitis involving the hip joint: This condition is common in adolescent men and usually involves both sacroiliac joints. Serum detection of Human Leuc ocyte Antigen (HLA-B27) is positive. X-ray imaging shows that the femoral head remains round and that the joint space narrows, disappears, or even fuses, which is easy to distinguish. Long-term use of corticosteroids in some patients may cause ONFH, in which the femoral head may collapse but not to a serious degree.(4)Transient osteoporosis or bone marrow oedema syndrome: The onset of this condition can be observed in young and middle-aged people, and it is a temporary, painful bone marrow oedema. X-ray imaging shows a decrease in bone mass in the head, neck, and even the trochanter of the femur; MRI shows a uniform low signal intensity in T1WIs and high signal intensity in T2WIs, with a range that may reach the femoral neck and the trochanter but with no band-like low signal intensity. The lesion may disappear within 3--12 months \[[@bib48], [@bib49], [@bib50]\].(5)Chondroblastoma in the femoral head: MRI demonstrates flake-shaped high signal intensity in T2WIs. CT scanning shows irregular osteolytic destruction.(6)Incomplete fracture in subchondral bone: This is most common in elderly patients older than 60 years who have no obvious history of trauma and manifests as sudden hip pain, inability to walk, and limited joint movement. X-ray imaging shows slight flattening of the upper lateral portion of the femoral head; MRI demonstrates a subchondral low signal intensity line and the surrounding bone marrow oedema in T1WIs and T2WIs, and fat-suppressed T2WIs show a flake-shaped high signal intensity line \[[@bib51], [@bib52], [@bib53], [@bib54]\]. Meanwhile, it is to be noted that young healthy adults with good bone quality were also found to suffer from subchondral stress fracture (e.g., military recruits during military drills) \[[@bib55],[@bib56]\].(7)Pigmented villonodular synovitis: This condition is common in the knee joints, and hip involvement is rare. Patients with hip involvement are characterized by adolescent-onset, mild to moderate hip pain with limp and mild limitation of joint movement during the early stage and midstage. CT and X-ray imaging show cortical erosion of the femoral head and neck or acetabulum and mild to moderate narrowing of the joint space; MRI shows extensive synovial hypertrophy and an even distribution of low or moderate signal intensity.(8)Synovial herniation: This is a benign lesion in which the synovial tissue overgrows and invades into the femoral neck cortex, usually without clinical symptoms. MRI shows small round lesions with a low signal intensity in T1WIs and high signal intensity in T2WIs in the upper cortex of the femoral neck.(9)Bone infarction of the metaphysis: Bone infarction is osteonecrosis that occurs in the metaphysis or shaft of the long bones. This condition has different MRI manifestations in different phases.1)Acute phase: The lesion center shows equal or slightly higher signal intensity than normal bone marrow in T1WIs and shows high signal intensity in T2WIs, and the lesion edge shows a low signal intensity in T1WIs and a high signal intensity in T2WIs.2)Subacute phase: The lesion center shows equal or slightly lower signal intensity than normal bone marrow in T1WIs and shows equal or slightly higher signal intensity than normal bone marrow in T2WIs, and the lesion edge shows a low signal intensity in T1WIs and a high signal intensity in T2WIs.3)Chronic phase: The lesion shows a low signal intensity on both T1WIs and T2WIs.(10)Femoroacetabular impingement syndrome: Femoroacetabular impingement is divided into three types: the pincer-type, the cam-type, and the mixed-type. X-ray examination in the frog-leg position or lateral hip position shows obvious osteophyte formation in the head and neck of the femur and an increase in the angle α. MRI examination shows a flake-shaped, low signal intensity at the femoral head and neck in T1WIs and a large, sheet-shaped bone marrow oedema signal at the femoral head and neck in T2WIs. CT examination shows obvious hyperplasia of the femoral head and neck, an increase in the angle α in the oblique sagittal view, no obvious cystic degeneration in the femoral head, and no bone destruction. Three-dimensional CT reconstruction can clearly reveal anatomical abnormalities or osteophytosis of the femoral head and neck \[[@bib57], [@bib58], [@bib59]\].

Staging {#sec6}
=======

The newly released 2019 updated version of Association Research Circulation Osseous (ARCO) staging system is recommended ([Table 1](#tbl1){ref-type="table"}).Table 1Association Research Circulation Osseous (ARCO) international classification of osteonecrosis \[[@bib60]\].Table 1ARCO stageImage findingsAnteroposterior imagesDescription1X-ray normal\
MRI abnormal![](fx1.gif)A band lesion of low signal intensity around the necrotic area is seen on MRI.\
A cold spot is seen on bone scan.\
No changes are seen on plain radiographs.2X-ray abnormal\
MRI abnormal![](fx2.gif)Osteosclerosis, focal osteoporosis or cystic changes are seen in the femoral head on plain radiographs or CT scan.\
Still there is no evidence of subchondral fracture, fracture in the necrotic portion or flattening of the femoral head.33A(early)3B(late)Subchondral fracture on X-ray or CT![](fx3.gif)\
![](fx4.gif)Subchondral fracture, fracture in the necrotic portion and/or flattening of the femoral head is seen on plain radiography or CT scan.\
→3A: Femoral head depression ≤ 2 mm\
→3B: Femoral head depression \>2 mm4X-ray osteoarthritis![](fx5.gif)Osteoarthritis of the hip joint with joint space narrowing, acetabular changes and destruction are seen on plain radiographs.

The ARCO staging system was developed by the ARCO committee in 1991 after integration of Ficat staging, Steinberg staging ([Table 2](#tbl2){ref-type="table"}) \[[@bib61]\], and the staging system of the Japanese Investigation Committee on Osteonecrosis \[[@bib62]\]. The 2019 updated version of the ARCO staging system was presented and approved on May 3, 2019, ​at the 2019 ARCO conference in Dalian, China \[[@bib60]\]. ARCO staging is more systematic, comprehensive, and practical than any previous staging method and is of great value in diagnosis and assessment of treatment efficacy and prognosis. In 2015, China developed a Chinese staging system for ONFH ([Table 3](#tbl3){ref-type="table"}) \[[@bib63]\], which is recommended to be used simultaneously with ARCO staging in clinical practice.Table 2The Steinberg - University of Pennsylvania classification of osteonecrosis \[[@bib61]\].Table 2Stage 0Normal or non-diagnostic radiograph, bone scan, and MRIStage INormal radiograph; abnormal bone scan and/or MRIAMild \<15% of head affectedBModerate 15--30%CSevere: \>30%Stage IILucent and sclerotic changes in femoral headAMild: \<15%BModerate: 15--30%CSevere: \>30%Stage IIISubchondral collapse (crescent sign) without flatteningAMild: \< 15% of articular surfaceBModerate: 15--30%CSevere: \> 30%Stage IVFlattening of femoral headAMild: \<15% of surface and \<2 ​mm depressionBModerate: 15--30% of surface or 2--4 ​mm depressionCSevere: \>30% of surface or \>4 ​mm depressionStage VJoint narrowing and/or acetabular changesAMildBModerateCSevereAverage of femoral head involvement, as determined in stage IV, and estimated acetabular involvementStage VIAdvanced degenerative changes[^1]Table 3Chinese staging of osteonecrosis of the femoral head \[[@bib3]\].Table 3StageClinical findingsRadiographic signsPathological changes**1** (pre-clinical, no-collapse)\
According to size of necrotic:\
**1**a, small \<15%\
**1**b, medium 15%--30%\
**1**c, large \>30%NoMRI\
Bone scanNecrosis of bone marrow\
Necrosis of osteocytes**2** (early stage, no-collapse)\
According to size of necrotic:\
**2** a, small \<15%\
**2** b, medium 15%--30%\
**2** c, large \>30%No or slight painMRI\
X-ray\
CTNecrotic area absorbed\
Bone repair**3** (medium stage, pre-collapse)\
According to length percentage of crescent in articular facel:\
**3** a, small \<15%\
**3** b, medium 15%--30%\
**3** c, large \>30%On set of pain,\
Slight claudication,\
Moderate pain,\
Limited internal rotation,\
Pain in internal rotationMRI T2-WI: bone marrow edema, CT: subchondral fracture, X-rays: Femoral head contour interrupted Crescent signSubchondral fracture or fracture through necrotic bone**4** (middle--late stage, collapse)\
According to depth of collapse:\
**4** a, slight (2 mm)\
**4** b, medium (2--4 mm)\
**4** c, severe (4 mm)Moderate to severe pain,\
claudication, limited internal rotation, Aggravated pain when strenuous internal rotation, limited abduction and adductionX-rays: femoral head collapse with normal joint spaceFemoral head collapse**5** (late-stage, osteoarthritis)Severe pain\
Severe claudication\
Limited range of motionX-ray: flattening of femoral head, narrow joint space, acetabular cystic changes or sclerosisCartilage involved osteoarthritis

Prevention and treatment of ONFH {#sec7}
================================

(1)Prevention of ONFH1)Prevention of traumatic ONFH: DSA or computed tomography angiography combined with X-ray imaging can be used to evaluate the blood supply in the femoral head and to analyze whether blood vessels are present in the supporting region of the femoral head. When there is no blood supply, exploration and anastomosis of blood vessels in the supporting region can be performed, bone flaps with vascular pedicles can be grafted, and blood supply needs to be protected during internal fixation, while damage to the arterial arch should be avoided \[[@bib64]\].2)Prevention of steroid-induced ONFH: For patients who need hormone therapy during treatment of a disease, vasodilator drugs combined with anticoagulant drugs may be administered to prevent the occurrence of osteonecrosis \[[@bib65],[@bib66]\].3)Prevention of other types of ONFH: For a population with high-risk factors for osteonecrosis, removal of the aetiologic factors of osteonecrosis can effectively prevent the occurrence of ONFH.(2)Nonsurgical treatments1)Protective weight-bearing: Impingement and impact loading activities should be avoided. The use of crutches can effectively relieve pain. Wheelchair use is not recommended.2)Drug treatment: Combined use of anticoagulants, fibrinolysis-enhancing drugs, blood vessel dilatators, and lipid-reducing drugs has been recommended \[[@bib67], [@bib68], [@bib69], [@bib70], [@bib71]\]. A combination of drugs that inhibit osteoclast formation and drugs that increase osteogenesis can also be used \[[@bib72]\]. Medication can be used alone or in combination with hip-preserving surgery.3).Physical therapy: Potential physical therapies include extracorporeal shock wave \[[@bib73], [@bib74], [@bib75], [@bib76]\], electromagnetic field \[[@bib77], [@bib78], [@bib79]\], and high-pressure oxygen therapies \[[@bib80],[@bib81]\].(3)Surgical treatment: When ONFH progresses rapidly and nonsurgical treatment is not effective, most patients require surgical treatment. Surgical methods can be sorted into two major categories: repair and reconstruction methods that primarily preserve the patient\'s own femoral head and the hip joint replacement method. Surgeries that preserve the femoral head include core decompression, osteotomy, and (non)vascularized bone transplantation \[[@bib2],[@bib4],[@bib6]\], which are suitable for patients in the early (ARCO 0--1) or midstage (ARCO 2--3 ​B) of ONFH and with a necrotic volume of more than 15%. If the method is effective, joint replacement can be avoided or delayed.1)Core decompression: This method can be selected when DSA and MRI results suggest that the blood supply demonstrates characteristics of early venous stasis (stage 1--2A ARCO staging). This method has been developed over a long period of time and has beneficial results. At present, it can be divided into core decompression via multiple drilling and core decompression via a thick channel. The difference lies primarily in the diameter of the decompression channel; the channel diameter for multiple drilling is 3, 3.5, or 4 ​mm \[[@bib82], [@bib83], [@bib84], [@bib85]\], whereas that of the thick channel is 6 ​mm or more \[[@bib86], [@bib87], [@bib88]\]. Core decompression combined with cell transplantation (*in vitro* culture or concentrated autologous bone marrow containing mononuclear cells) has been administered clinically in qualified medical institutions \[[@bib89], [@bib90], [@bib91], [@bib92]\].2)Nonvascularized transplantation: The primary methods used include decompression and bone transplantation via the femoral trochanter and bulb decompression and bone grafting via the femoral head and neck \[[@bib93]\]. Bone grafting methods include compact bone grafting and strut grafting. The bone transplantation materials include autologous cortical bone and cancellous bone, allogeneic bone, and bone substitute materials \[[@bib94], [@bib95], [@bib96], [@bib97]\].3)Osteotomy: The purpose of an osteotomy is to move the necrotic zone to the non--weight-bearing area of the femoral head. Osteotomy techniques include varus or valgus osteotomy and rotational osteotomy via the femoral trochanter. The choice of the surgical method is based on the principle that the femoral cavity is not modified \[[@bib98],[@bib99]\].4)Vascularized transplantation: This method is selected when DSA and MRI results suggest that the blood supply shows arterial ischaemia (stage 2B--3B of ARCO staging). Transplantation of autologous bone is divided into peri-hip bone flap transplantation and fibula transplantation \[[@bib3],[@bib6],[@bib100],[@bib101]\]. Transplantation of a peri-hip bone flap with a vascular pedicle includes the following: (1) transposition of an iliac bone (periosteum) flap with the ascending branch of the lateral circumflex femoral artery \[[@bib102]\]; (2) transposition of a greater trochanter bone flap with the gluteus medius muscle branch and the ascending branch of the lateral circumflex femoral artery \[[@bib103], [@bib104], [@bib105], [@bib106]\]; (3) transposition of a greater trochanter bone flap with the transverse branch of the lateral circumflex femoral artery \[[@bib103], [@bib104], [@bib105], [@bib106]\]; (4) transposition of an iliac bone (periosteum) flap with a deep circumflex iliac vascular pedicle; (5) transplantation of a greater trochanter bone flap with the transverse branch combined with an iliac bone (periosteum) flap with the ascending branch to reconstruct the femoral head (neck) for patients with the entire femoral head and even part of the femoral neck involved \[[@bib107]\]; and (6) transplantation of the greater trochanter bone flap with the deep branch of the medial femoral vessel and an iliac bone flap with the deep superior branch of the superior gluteal vessel via the posterior approach to the hip. Surgical techniques involving the peri-hip bone flap with a vascular pedicle are less traumatic, highly effective, and easy to master and are therefore recommended. To enhance mechanical support within the femoral head, application of a peri-hip bone flap with a vascular pedicle can be combined with implantation of a supportive material, which can help avoid collapse of the femoral head after surgery and has demonstrated good short-term to midterm efficacy \[[@bib108],[@bib109]\]; however, the long-term effects still need to be determined. In addition, transplantation of a vascularized fibula graft via anastomoses is effective \[[@bib110], [@bib111], [@bib112], [@bib113], [@bib114]\] and is recommended. The choice of the transplantation method using autologous bone with blood supply is considered based on the comprehensive advantages and disadvantages of each method, the proficiency of the surgeon, and other factors.5)Joint replacement: Joint replacement should be selected in cases in which the femoral head is significantly collapsed, late-stage arterial occlusion features (ARCO stage 3C and 4) are present, and severe joint function loss or moderate/severe pain is present \[[@bib115], [@bib116], [@bib117], [@bib118], [@bib119], [@bib120], [@bib121]\]. Generally, the medium- to long-term effects of cementless or hybrid-type prostheses are believed to be superior to those of all cement-type prostheses. Special attention should be paid to the following in joint replacement for ONFH: (1) If the patient has undergone long-term use of corticosteroids or requires continuous treatment for other basic diseases, the risk of infection increases; (2) If the patient has not borne weight for a long period or has osteoporosis, the acetabular component may penetrate into the acetabulum; (3) Previous femoral head--preserving surgery, e.g., intertrochanteric osteotomies, may cause technical difficulties in joint replacement; (4) Steroid-induced osteonecrosis or alcohol-induced ONFH is a lesion of the femoral head, but it also involves the surrounding and distant bones \[[@bib122]\]. Therefore, the long-term effect of joint replacement may not be as good as that for osteoarthritis or traumatic ONFH.(4)Principles for choosing treatment regimens: The choice of treatment plans for ONFH should consider comprehensive factors, including MRI results, manifestations of blood supply changes in the necrotic femoral head, staging and classification of osteonecrosis, necrosis volume, joint function, and the age, occupation, and compliance with joint preservation treatment of the patient ([Figure 4](#fig4){ref-type="fig"}).1)Patients who have no clinical symptoms, necrosis in the non--weight-bearing areas, and a necrosis area \<15% can be closely observed, be actively treated to achieve anticoagulation and blood vessel dilatation, avoid high-impact loading, and be followed up regularly. Patients with necrosis in the weight-bearing area who have no clinical symptoms and a necrotic volume \>30% should be actively treated and assessed for blood supply, and physicians should not wait for symptoms to appear. Based on the changes in blood supply, core decompression or nonsurgical treatments may be applied in combination \[[@bib123]\].2)ARCO stage 0: If one side is diagnosed as nontraumatic ONFH, the other side should be highly suspected. Bilateral MRI should be performed. Follow-up every 3--6 months and use of anticoagulation therapy combined with vasodilator drugs are recommended.3)ARCO stage 1 and 2: For patients with symptoms or a necrosis area of 15--30%, based on the blood supply manifestations, such as venous stasis and arterial ischaemia, performing joint preservation surgery or core decompression alone \[[@bib82], [@bib83], [@bib84], [@bib85], [@bib86], [@bib87], [@bib88]\] or in combination with stem cell transplantation or transplantation of concentrated autologous bone marrow containing mononuclear cells is recommended. Patients with ARCO stage 2C disease can be treated with (non)vascularized bone graft transplantation (can be combined with supportive materials) \[[@bib95], [@bib96], [@bib97],[@bib108],[@bib124], [@bib125], [@bib126]\] and osteotomy. Nonsurgical treatments, such as lower limb traction and drug treatment, should be actively performed as auxiliary therapeutic treatments.4)Early ARCO stage 3: In this phase, blood supply changes via arterial ischaemia are present. Vascularized autologous bone transplantation can be performed (can be combined with supportive materials) \[[@bib94], [@bib95], [@bib96],[@bib108],[@bib109]\].5)Late ARCO stage 3: Based on the blood supply changes through vascular occlusion, vascularized bone transplantation (can be combined with supportive materials) \[[@bib109]\]or joint replacement can be applied \[[@bib6]\].6)ARCO stage 4: Severe hip function loss or pain appears in this stage, and joint replacement should be selected. If the symptoms are mild and the patient is relatively young (younger than 55 years), joint preservation surgery can be performed. Based on the blood supply changes, the vascularized autologous bone transplantation is recommended, which can be combined with implantation of supportive material. Femoral head preservation surgery typically uses one method or a combination of two or more surgical methods. Nonsurgical treatments should also be included for comprehensive treatment.7)Age factor: Age is another key factor in the choice of treatment options. Young and middle-aged patients are very active, and therefore, a treatment plan that can retain the femoral head without adversely affecting future joint replacement opportunity should be selected. Based on the observed blood supply changes, performing core decompression (stem cell transplantation), transplantation of autologous bone with a blood supply, or transplantation of bone without a blood supply (necrosis range of 15--30%) is recommended. If middle-aged patients are diagnosed with ONFH at an early stage (no collapse), great effort should be made to preserve the femoral head by using core decompression and (non)vascularized bone transplantation. In the middle to late stage, treatment that preserves the femoral head or joint replacement should be chosen considering the patients\' subjective wishes and technical conditions. When performing joint replacement, prosthesis selection should fully consider the possibility of secondary revision. For elderly patients, a total hip joint replacement is recommended. For patients older than 75 years, the decision is reached based on factors such as daily activity status, hip bone condition, and prediction of longevity. Total hip joint replacement is recommended.Figure 4Clinical diagnosis flow chart of osteonecrosis of the femoral head (ONFH). ARCO = Association Research Circulation Osseous; CT = computed tomography; MRI = magnetic resonance imaging; AP **=** Anteroposterior.Figure 4(5)Efficacy of evaluation and rehabilitation exercises.1)Efficacy of evaluation: Evaluation approaches to assess the efficacy of treatments for ONFH can be divided into clinical evaluation and imaging evaluation. Clinical evaluation uses hip function scores (such as Harris Hip Score ([Table 4](#tbl4){ref-type="table"}, [Table 5](#tbl5){ref-type="table"}, [Table 6](#tbl6){ref-type="table"}, [Table 7](#tbl7){ref-type="table"}), Reconstruction Hip Scores (hip preservation score) \[[@bib127]\] ([Table 8](#tbl8){ref-type="table"}), the Western Ontario and McMaster Universities Arthritis Index (WOMAC) scores, and the percentage method of the orthopedics branch of the Chinese Medical Association, which are evaluated on a case-by-case basis based on the stage, necrotic area, and treatment method compared with other patients exhibiting similar parameters. Simultaneous gait analysis is recommended. Imaging evaluation is performed using X-ray images, and the concentric circle template is used to observe changes in the femoral head morphology, joint space, and acetabulum. Lesion evaluation of ONFH at stage 2 or lower in the Chinese staging system should use MRI data. DSA should be performed for patients undergoing vascularized bone transplantation to evaluate the recovery of blood supply \[[@bib105]\]. Patient documents should be established to evaluate different causes, necrosis stages, age, and the efficacy of treatment methods, which are necessary for standardization of treatment of ONFH \[[@bib3]\].Table 4Harris hip score system: pain score \[[@bib128]\].Table 4Pain levelPain manifestationsScoreNo painNo pain44MinorOccasional pain or a little pain, no function affected40MildGeneral activities not affected, occasional moderate pain after excessive activities30ModerateTolerable, daily activities slightly limited, while normal work sustainable, occasional use of analgesics stronger than aspirin20SevereSometimes severe pain, not necessarily restricted to bed, severely limited activities, regular use of analgesics stronger than aspirin.10DisabledRestricted to bed owing to pain, severe pain while resting in bed, limpness due to pain, disabled0Table 5Harris hip score system: living ability score \[[@bib128]\].Table 5ItemDaily activitiesScoreClimbing stairsOne stair-step per step, with no use of the handrail4One stair-step per step, with use of the handrail2Can climb stairs in a certain way1Unable to climb stairs0Transportation toolsCapable of entering public transportation tools1SittingSitting in any chair for 1 ​h without discomfort5Sitting in a high chair for an hour and a half without discomfort3Sitting in any chair with discomfort0Wearing shoes and socksWearing socks and tying shoelaces without any difficulty4Wearing socks and tying shoelaces with difficulty2Unable to wear socks or tie shoelaces0Table 6Harris hip score system: walking ability score \[[@bib128]\].Table 6ItemDegreeScoreLimpnessNo limpness11Little limpness8Moderate limpness5Severe limpness0Walking distanceNo limitation116 blocks82--3 blocks5Indoor activities2Restricted to bed or need a chair (wheelchair)0Aid usageNot required7Single cane for long distance5Single cane used most of the time3Single crutch2Two crutches0Completely unable to walk (reason must be explained)0Table 7Harris hip score system: joint deformity and activity score \[[@bib128]\].Table 7ItemDegree and rangeScoreDeformityWithout the following deformities\
(A) Fixed flexion contracture of less than 30°\
(B) Fixed adduction deformity of less than 10°\
(C) Fixed extension deformity with internal rotation of less than 1°\
(D) Limb shortening of less than 3.2 ​cm4Flexion\
Extension\
Extension with external rotation\
Extension with internal rotation\
Adduction0°--45° ​× ​1.0, 45°--90° ​× ​0.6, 90°--110° ​× ​0.3\
0°--15° ​× ​0.8, 15°--20° ​× ​0.3, \>20° ​× ​0\
0°--15° ​× ​0.4, \>15° ​× ​0\
Any movement ​× ​0\
0°--15° ​× ​0.25Table 8Reconstruction Hip Scores (RHSs; hip preservation) ​\[[@bib127]\].Table 8Pain (30 points)Walking ability (20 points)Range of motion (20 points)X-ray (30 points)30None, or ignores it20Unlimited20Flexion 110°--0°, others sum\>110°30Normal (stable)20Slight, no compromise in activity15Walk within 1000 ​mm15Flexion 90°--0°, others sum\>90°20Intact femoral head with cystic and sclerotic bone10Moderate pain in activity, may take medication10Walk within 500 ​mm10Flexion 70°--0°, others sum\>70°10Collapsed ​\< ​2 ​mm5Marked pain, serious limitation of activities, need medication5Indoors only5Flexion 50°--0°, others sum\>50°5Collapsed \>2 ​mm0Totally disabled, pain in bed, bedridden0Bed only0Flexion 30°--0°, Others sum ​\> ​300Osteoarthritis change, subluxation[^2]2)Rehabilitation exercises: Rehabilitation exercises can prevent inactivity muscle hypotrophy in patients with ONFH and are an effective means to promote early recovery in patients. Functional exercises should be based on active movements, be supplemented by passive movements, start from small movements to large movements, and gradually progress from little exercise to a large amount of exercise. Appropriate exercise methods are determined based on the stage of ONFH, treatments, hip function scores, and gait analysis results \[[@bib129],[@bib130]\].①Leg lifting in the flat supine position: In the flat supine position, raise the affected limb, bend the hip and the knee, and then flatten the affected limb. This method is used for conservative treatment of ONFH and in the bed rest period after surgical treatment.②Leg opening and closing in the sitting position: Sit in a chair, with hands on the knees and feet at the same width as that of the shoulders, and then fully stretch out and adduct both legs at the same time. This method is used for conservative treatment of ONFH and in the partial weight-bearing period after surgical treatment.③Leg lifting in the standing position: With hands on a fixed support, keep the body straight, raise the affected limb, bend the hip and the knee so that the body and thigh are at a right angle, and let down the affected limb. This method is used for conservative treatment of ONFH and in the partial weight-bearing period after surgical treatment.④Crouching with a support: With hands on a fixed support, keep the body straight, with feet at the same width as that of the shoulders, crouch, and stand up. This method is used in conservative treatment of ONFH and in the full weight-bearing period after surgical treatment.⑤Internal rotation and extension: With hands on a fixed support, the legs are sequentially moved in a full internal rotation, extension, and circular action. This method is used in conservative treatment of ONFH and during the full weight-bearing period after surgical treatment.⑥Walking exercise with a crutch or cycling exercise: This method is used for conservative treatment of ONFH and in the full weight-bearing period after surgical treatment.

Summary {#sec8}
=======

This guideline is the amendment and renewal of "Chinese Guideline for the Diagnosis and Treatment of Femoral Head Necrosis in Adults (2016 version)". New advances in the epidemiology, aetiology, pathophysiology, imaging, and diagnosis and treatment of ONFH have been renewed in this revision. From the basic science of ONFH to the clinical application, this guide comprehensively introduces the epidemiology, aetiology, pathology, clinical manifestations, imaging diagnosis, staging and classification, differential diagnosis, nonsurgical treatment, and surgical treatment of ONFH. This guideline can be used as a reference by orthopaedic professionals and researchers and for standardized diagnosis and treatment management under clinical guidance, which is conducive to the prevention, treatment, and further research of ONFH, improving the diagnosis at the treatment level, making patients\' symptoms under good control, and improving their quality of life.
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[^1]: MRI = magnetic resonance imaging.

[^2]: RHS, functional ​= ​70 points, RHS, radiographic ​= ​30 points.
